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A very high-temperature gas reactor (VHTR) is one of the next generation nuclear reactors owing to its
safety, high energy efficiency, and proliferation-resistance. Heat is transferred from the primary helium loop
to the secondary helium loop through an intermediate heat exchanger (IHX). Under VHTR environment
Alloy 617 is being considered a candidate Ni-based superalloy for the IHX of a VHTR, owing to its good
creep resistance, phase stability and corrosion resistance at high temperature. In this study, high-temperature
corrosion tests were carried out at 850 - 950°C in air and impure helium environments. Alloy 617 specimens
showed a parabolic oxidation behavior for all temperatures and environments. The activation energy for
oxidation was 154 kJ/mol in helium environment, and 261 kJ/mol in an air environment. The scanning
electron microscope (SEM) and energy-dispersive x-ray spectroscopy (EDS) results revealed that there were
a Cr-rich surface oxide layer, Al-rich internal oxides and depletion of grain boundary carbide after corrosion
test. The thickness and depths of degraded layers also showed a parabolic relationship with the time. A
corrosion rate of 950°C in impure helium was higher than that in an air environment, caused by difference

in the outer oxide morphology.
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HIGH TEMPERATURE CORROSION OF ALLOY 617 IN IMPURE HELIUM AND AIR FOR VERY HIGH-TEMPERATURE GAS REACTOR
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Fig. 1. Equipments and schematic diagram for helium environment high-temperature corrosion test.
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Table 1. Chemical composition of Alloy 617 used in the study(wt%o)

Ni Cr Co Mo Fe Al Ti
53.16 | 22.16 | 11.58 9.80 1.49 1.12 0.35
Mn C Cu P Si B S

0.11 0.08 0.08 0.08 0.06 | 0.002 | 0.001
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Fig. 2. Mass change vs. oxidation time(hour) at the various temper-
ature in (a) impure helium (b) air environment, and (c) (mass change)’
vs. oxidation time(sec) of Alloy 617 in impure helium and air environ-
ment at 950 °C.
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Fig. 3. Calculation of the activation energy for the oxidation of Alloy 617 in impure helium and air environment.
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Fig. 4. BS SEM micrograph of the Alloy 617 corroded for 250 h in impure helium environment at 950°C.

Table 3. EDS result of the specimen tested for 250 h at 950°C in impure helium environment from Fig. 5

(Wt%) Al Ti Cr Fe Co Ni Mo Remark
S1 1.13 3.39 93.01 0.03 0.37 1.96 0.24 Cr-oxide
S2 39.23 2.30 42.60 0.54 2.35 11.60 1.39 Cr+Al-oxide
S3 84.56 0.02 3.69 0.44 1.99 8.26 1.06 Al-oxide
S4 1.10 0.20 21.70 1.34 12.54 57.54 5.57 Matrix
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Fig. 6. Discrete precipitates in grain boundaries of specimen corroded in air environment at 950°C.

CORROSION SCIENCE AND TECHNOLOGY Vol.12, No.2, 2013

107



SUJIN JUNG, GYEONG-GEUN LEE, DONG-JIN KIM, AND DAE-JONG KIM

Table 4. EDS result of the specimen tested for 2500 h at 950°C in air environment from Fig. 7

(Wt%) Al Ti Cr Fe Co Ni Mo Remark
S1 0.48 37.95 13.47 0.75 7.43 3431 5.61
S2 0.10 52.11 11.97 0.75 5.62 2531 4.14 Ti-rich phase
S3 0.26 61.38 9.90 0.44 4.12 19.05 4.86
S4 0.36 0.00 19.59 1.49 12.42 57.77 8.12 Matrix
Fig. 7. Discrete precipitates in grain boundaries of specimen corroded for 2500 h at 950°C in air environment.
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Fig. 8. BS SEM micrograph of the corroded specimens in the impure helium environment. The captions in the Fig.s show the temperature
and test time of the specimen.
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Fig. 9. BS SEM micrograph of Alloy 617 corroded in air environment at 950°C.
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Table 5. Tentative parabolic rate constants kp from the microstructure observation of Alloy 617 corroded in impure helium environment

Condition 850C 900°C 950°C
Outer oxide thickness 1.9x10° 3.7x10° 11x10°
(pm™s™)
Internal oxide depth 46x10° 121x10° 287x10°
(pm™s™)
Carbide-depleted zone depth (um®s™) 84x10°° 230%10°¢ 860x10°°

Table 6. Tentative parabolic rate constants kp from the microstructure observation of Alloy 617 comroded in air environment

Condition 850 900°C 950C
Outer oxide thickness 0.7x10° 2.6%10° 7.7x10°
(pm™s™)
Internal oxide depth 14x10° 46x10° 99x10°
(pm™s™)
Carbide-depleted zone depth (um*s™) 64x10° 262x10° 701x10°°
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Fig. 12. TEM micrographs of the outer oxide layer of (a) the specimen

corroded in impure helium environment, and (b) the specimen corroded
in air environment. The test condition was at 950°C for 250 h.
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